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NEUTRALIZI NG ASSAY USING HITMAN PAPTLLQMAYIEUSJaRIJS-tJia 

PARTICLES 

FIELD OF THE INVENTION 

This invention is related to a novel method of detecting human papillomavirus 
(HPV) neutralizing antibodies in a serum or plasma. 

BACKGROUND OF THE INVENTION 

Human Papillomaviruses (HPV) infect the genital tract and has been 
associated with various dysplasias, cancers and other diseases. These diseases are 
currently targets for vaccine developments, and vaccines based on virus-like particles 
(VLPs) which contain only LI or L14-L2 capsid proteins are currently in trials. 

To test vaccine candidates, neutralization assays would be desirable. While 
there are over 100 HPV types described today, there are only a few HPV types for which 
neutralization assays exist. Since HPV does not grow in tissue culture, the development of 
neutralization assays for HPV has been difficult. 

To facilitate vaccine development, it would be desirable to develop a basic 
neutralization assay which could be easily modified so as to have a neutralization assay for 
any HPV type. 

DESCRIPTION OF THE INVENTION 

This invention relates to a papillomavirus "pseudovirion" comprising a 
virus-like particle (VLP) which is covalently linked to a reporter gene DNA construct. In 
preferred embodiments, the VLPs are human papillomavirus (HPV) VLPs. 

This invention also includes assays to determine if an anti-VLP antibody is 
present in a sample comprising the steps of: combining a cell culture susceptible to infection 
by the pseudovirions, the sample, and pseudovirions; and measuring the amount of uptake 
of the pseudovirions by the cell. The uptake may be compared to a control where no 
sample is present, or the sample is a pre-immune sample, wherein a decrease in cell uptake 
of pseudovirions indicates the presence of neutralizing antibodies in the sample. 

Another aspect of this invention is a method of making the pseudovirion 
construct, comprising generating relatively pure VLPs and attaching the reporter gene 
construct with a heterobifunctional cross-linker. 
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Yet another aspect of this invention is a method of delivery of a reporter 
genes into a cell comprising infecting a cell with a pseudovirion. 

DESCRIPTION OF THE DRAWINGS: 

Figure 1 is a diagram showing a reporter gene construct based on the beta- 
lactamase gene (BLAM). 

Figure 2 shows the inhibition of HPV16 pseudovirion uptake into cells by 
HPV16 neutralizing monoclonal antibody H16.V5. 

Figure 3 shows the inhibition of HPV16 pseudovirion uptake into cells by 
neutralizing antibody in the sera of individuals immunized with HPV16 VLPs. 

As used throughout the specification and claims, the following definitions 

apply: 

"Pseudovirion" means a papillomavirus virus-like particle which is 
chemically linked or bonded to a reporter gene construct, either directly or through a linking 
group. 

"Reporter gene construct" means any nucleic acid encoding a protein whose 
transcription, translation, or post-translation activity can be conveniently detected, along 
with known necessary elements required for control of its transcription and translation 
(including, for example, promoters, enhancers, transcription termination sequences, and 
the like). Examples of reporter gene constructs include genes for beta-galactosidase, 
luciferase, and green-fluorescent protein, and the like. 

DETAILED DESCRIPTION OF THE INVENTION 

The pseudovirions and methods of using them do not depend on any 
particular papillomavirus strain or any other viral capsid. In preferred embodiments, the 
papillomavirus is a human papillomavirus (HPV), and it is particularly preferred that the 
HPV is one of the strains which is associated with genital warts and/or genital cancers, and 
may be selected from the group consisting of: HPV6a, HPV6b, HPVll, HPV16, HPV18, 
HPV3I, HPV33, HPV35, HPV42, HPV43, HPV44, HPV45, HPV51, HPV52, and 
HPV56. 

A pseudovirion can be made from virtually any papillomavirus VLP. A 
wild-type VLP generally is made up predominantly of LI and a minor amount of L2 
protein. However, it is known that VLPs may contain only LI protein. In addition, VLPs 
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have been described which contain modified LI protein, modified L2 proteins, proteins 
(whether or not naturally occurring, such as HPV E-proteins) which have been fused to at 
least a portion of the LI or L2 proteins, and/or an additional, non-naturally occurring 
protein. For purposes of this invention, any of the foregoing may be used as a starting 
material for the construction of pseudovirions. Generally, preferred VLPs contain either 
LI or the combination of LI and L2 ("L1+L2") protein. 

The LI or L1+L2 protein-containing VLPs can be made by transforming a selected 
host cell with genes encoding the Li or L1+L2 proteins. General techniques, the genes for 
various types of LI and L2 , and methods for recombinant expression of LI and L2 
proteins are known in the art, and may be used. Preferred host cells include yeast, insect 
cells, mammalian cells and E. coli. 

Under one preferred embodiment of this invention, yeast are transformed with 
plasmid DNA containing the genes encoding LI protein under control of known yeast 
promoters, such as the yeast Gal 1 and Gal 10 promoters. Expression of the gene product 
is induced by addition of galactose to the growth media, and the VLPs are isolated from the 
induced cell lysates. 

Virtually any reporter gene construct can be coupled to the VLPs to make a 
pseudo virion. One preferred reporter gene construct used is the beta-lactamase gene 
("BLAM"), but other reporter constructs encoding enzymes or proteins like beta- 
galactosidase, luciferase and green-fluorescent protein or genes coding for spliced 
transcripts can also be used. 

The reporter construct may be coupled to the VLP using known coupling reactions. 
In a preferred embodiment, the reporter gene construct is attached to a linker which is 
commercially available, and the linker is attached to the VLP. A preferred cross-linking 
reagent is (succinimidyl-maleimidomethyl-cyclohexane-carboxylate "SMCC"). Other 
potentially useful crosslinking reagants in addition to SMCC would have the following 
properties: 1) heterobifunctional or sequentially activated crosslinkers that would eliminate 
interfering oligo-oligo or VLP- VLP crosslinking, 2) stable reactions with either 5'-amino 
or 5'-thiol modified oligonucleotides, 3) stable reactions with primary amine, free 
sulfhydryl, or carbohydrate moieties on the VLP protein. These reagents would include, 
but are not limited to the following and their sulfated derivatives: SMPB (succinimidyl-4- 
(p-maleimidophenyl) butyrate), SIAB (succinimidyl(4-iodoacetyl) amino benzoate), GMBS 
(n-(4-maleimido-butyryloxy)-succinimide), MBS (m-maieimidobenzoyl sulfosuccinimide 
ester), and MPBH (4-(4-N-maleimidophenyl) butyric acid hydrazide hydrochloride). 
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In constructing such a linker, molar ratio of reporter gene constructs to the 
VLP may vary. In accordance with this invention, the ratio of reporter gene construct to 
VLP should be from about 0.1 to 50, preferably from about 1 to 5, and more preferably 
substantially about 1 to 1. 

One of the advantages of this invention is that pseudovirions can be 
produced easily for a variety of HPVs using the same reporter and test systems. Another 
advantage is that the reporter systems can be easily modified, if desired. 

An important aspect of this invention is the use of pseudovirions to detect 
the presence of neutralizing antibodies. Although some information is known about the 
biology of HPV and other papillomaviruses, they have not yet been successfully cultured in 
vitro. Further, while a large number of animal species are susceptible to papillomavirus 
infection, each species is only susceptible to its own strains of papillomavirus. Thus, for 
example, while cottontail rabbit papillomavirus (CRPV) can be successfully studied in the 
cottontail rabbit and used as a model for the human disease, human papillomavirus cannot 
be directly studied in the rabbit. Various vaccines based on HPV VLPs are currently under 
development, but to date neutralization assays have not been available for all strains of 
HPV. 

In the assay of this invention, a pseudovirion, a sample suspected of 
containing neutralizing antibodies, and a cell culture are brought into contact. The cells 
used in this assay may be any cells known to be susceptible to papillomavirus infection. 
For HPV pseudovirions, the cells may be human carcinoma cells, such as C33A (available 
from the ATCC), HeLa cells, and the like. If the sample (which in preferred embodiments 
may be serum from a patient), contains neutralizing antibodies, then the neutralizing 
antibodies will interact with the pseudovirions and will interfere with the uptake of the 
pseudovirions the cell. Optionally, a control assay may be performed, wherein the same 
pseudovirions and cells are used, but the sample is either eliminated, or a sample which is 
known not to contain neutralizing antibodies is substituted. Another example of a control 
sample is one from a preimmune source. 

In the assay, the decreased uptake of pseudovirions into the cell is correlated to the 
amount of neutralizing antibody present in the sample. Depending on the reporter gene 
construct employed, the amount may be quantified. Quantitation of the number of cells 
expressing the reporter gene, and the extent of expression, can be realized using flow 
cytometry. Simultaneous measurement of the 520nm/450nm ratio of emission wavelengths 
is directly related to the proportion of cleaved CCF2 substrate in individual cells, and is 
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independent of substrate concentration or cell dimensions, thus resulting in better signal to 
noise than is obtainable with either wavelength alone. 

In addition, subpopulations of cells that respond to infection could be 
enriched through fluorescence-activated cell sorting and cultured to expand the population 
of responsive cells, for example using a quantitative RT PGR assay of a reporter splice 
variant. These assays of this invention may be miniaturized and/or automated, and used in 
a 96-well format for high-throughput screens. 

The invention also allows labeling of pseudovirions with different reporters 
to test multivalent neutralizing sera on a mixture of these pseudovirions. This can be used 
to follow a multivalent vaccine response in a subject. 

Another aspect of this invention is the use of pseudovirions to carry 
different genetic materials into a variety of target cells. Substantially the same linker system 
is used to construct the pseudovirion, but the reporter gene construct is replaced with a 
gene construct which expresses a gene of choice. 

The following non-limiting Examples are presented to illustrate the 
invention better. 

EXAMPLE 1 
Expression of HPV16 VLPs in yeast 
HPV 16 VLPs are made essentially as described in published PCT application 
W095/31532, which is hereby incorporated by reference. 

Cloning of HPV16 LI and L2 Genes 

Total genomic DNA was extracted from CasM cells (ATCC #CRL 1550) by 
standard techniques. The DNA was digested with Bstll07I and SphI endonucleases and 
electrophoresed through a 0.8% low-melting-temperature agarose preparative gel. A region 
corresponding to DNA of approximately 3.5-kbp was excised from the gel and the agarose 
was digested with Gelase^M enzyme (Epicentre Technologies, Inc.). The gel-purified 
DNA was made blunt-ended with T4 DNA polymerase and ligated with blunt-ended, 
phosphorylated oligodeoxynucleotide linkers that contain a buried Hindlll site. The 
ligation mixture was digested to completion with Hindlll and the approximately 3.5-kbp 
DNA was size-fractionated through an agarose gel as described above. The gel-purified 
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DNA was ligated with pUClS plasmid DNA that had been digested with Hindlll and 
dephosphorylated. Following transformation of competent E. coli DH5 cells (BRL), the 
plasmid library was screened for HPV16-positive clones by colony hybridization using an 
antisense 32p_iabeled oligodeoxynucleotide that is complementary to the 3'-end of the 
HPV-16 LI gene (5'-GAG AGA TCT TAG AGC TTA CGT TTT TTG CGT TTA GC-3') 
(SEQ. ID. NO:l). A pUClS plasmid containing a 3.3-kbp HPV16 genomic fragment was 
isolated and characterized by restriction enzyme and Southern blot analyses. This plasmid 
was designated pUC18-HPV16 L1/L2 and contains all of the LI and L2 coding DNA 
sequences. Plasmid DNA was prepared using the Qiagen^M piasmid Maxi kit (Qiagen, 
Inc.). 

Construction of HPV16 LI Yeast Expression Vector 

The clone, pUC18-HPV16 L1/L2 was used as a template for PGR. The 
HPV16 LI gene was amplified by PGR using Vent polymerase (New England Biolabs, 
Inc.), 10 cycles of amplification (940G, 1 min; 480C, 1 rain; 720G, 1 min 45 sec), and the 
following oligodeoxynucleotide primers which contain flanking Bglll sites (underlined): 

sense primer: 5 '-GTG AGATGT GAG AAA AGA AAA TGT GTG TTT GGG TGG GTA 
TGT AGG GG-3'(SEQ ID NO: 2) 

antisense primer: 5 '-GAG AGA TCT TAC AGC TTA CGT TTT TTG CGT TTA 
GC-3' (SEQ ID NO:3) 

The sense primer introduces a yeast non-translated leader sequence 
immediately upstream to the HPV16 LI initiating methionine codon (highlighted in bold 
print). The 1.5-kbp LI PGR product was digested with Bglll, gei-purified, and ligated 
with the BamHI digested pCl/l-GAL vector. A pCl/l-GAL plasmid was isolated 
containing the HPV16 LI gene and designated, pl4049-37-L The LI gene in pl4049-37- 
1 was sequenced using the PRISM'^'^ kit (ABI, Inc.) and an ABI Sequencer Model #373A 
according to the manufacturer's directions. The LI gene in this isolate was shown to 
contain 3 nucleotide changes from the corrected, published prototype sequence (Kimbauer, 
R. et al. (1993) J. Virol. 67: 6929-6936), resulting in two amino acid changes: His-202 to 
Asp; Thr-266 to Ala. Sequence analysis of the original template DNA confirmed that these 
changes were also present in the genomic clone pUC18-HPV16 L1/L2 and were not 
introduced by the PGR. 
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Construction of the HPV16 LI and L2 Yeast Expression Vector 

Plasmid pl4049-37-l (pCl/l-GAL+HPV16 LI) was digested with Smal, 
which cuts between the GALIO promoter and the ADHl transcription terminator. The 1.4- 
kbp HPV16 L2 gene was amplified by PGR using the pUC18-HPV16 L1/L2 DNA as 
template, Vent polymerase (New England Biolabs, Inc.), 10 cycles of PGR amplification 
(940C, 1 noin; 480G, 1 min; 720C, 1 ntiin 45 sec) and the following oligodeoxynucleotide 
primers which contain flanking Smal sites (underlined): 

sense primer: 5'-TCC CCC GGG GAG AAA AGA AAA TGC GAC AGA AAC GTT 
CTG CAA AAC-3XSEQ ID N0:4) 

antisense primer: 5'-TGC CCC GGG CTA GGC AGC CAA AGA GAC ATC TGA- 
3'(SEQ ID NO:5) 

The sense primer introduces a yeast non-translated leader sequence 
immediately upstream to the HPVI6 L2 initiating methionine codon (highlighted in bold 
print). The 1.4-kbp L2 PGR product was digested with Smal, gel-purified, and ligated 
with the Smal digested pl4049-37-l vector. A pCl/l-GAL plasmid containing both the 
HPV16 Li and L2 genes was isolated and designated, pl4049-42-2. The L2 gene in 
p 14049-42-2 was sequenced using the PRISMTM kit (ABI, Inc.) and an ABI Sequencer 
Model #373 A according to the manufacturer's directions. The L2 gene in this isolate was 
shown to contain 5 nucleotide changes from the corrected, published prototype sequence 
(Kimbauer, R. et al. (1993) supra), resulting in one amino acid change: Ser-269 to Pro. 
Sequence analysis of the genomic clone pUG18-HPV16 L1/L2 confirmed that this change 
was also present in the original template DNA and was not introduced by the PGR. 

Expression of HPV16 Li and Co-Expression of HPV16 LI and L2 in Yeast 

Plasmids pl4049-37-l (pCl/l-GAL+HPV16 LI) and pl4049-42-2 (pCl/1- 
GAL+HPV16 Li andL2) were used to transform S. cerevisiae strain #1558. The resulting 
recombinant strains were #1678 (HPV16-L1) and #1679 (HPV16 L1+L2) as shown in the 
table. Clonal isolates were grown at SO^C in YEHD medium containing 2% galactose for 
68-78 hours. After harvesting the cells, the cell pellets were broken with glass beads and 
cell lysates analyzed for the expression of HPV16 LI or HPV16 L2 protein by immunoblot 
analysis. Samples containing 40 meg of total cellular protein were electrophoresed on 10% 
Tris-Glycine gels under reducing and denaturing conditions and electroblotted onto 
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nitrocellulose filters. The HPV 16 LI protein was immunodetected using rabbit polyclonal 
antisera raised against a trpE-HPVl 1 LI fusion protein (D. Brown et al.. Virology 201:46- 
54) as primary antibody and HRP-linked, donkey anti-rabbit IgG antibody (Amersham, 
Inc.) as the secondary antibody. The filters were processed using the chemiiuminescent 
ECL Detection kit (Amersham, Inc.). A 50-55 kDa LI protein band was detected in all 
samples except the negative control (pCl/1 without LI or L2 gene). The L2 protein was 
detected as a 70 kDa protein band by immunoblot using mouse anti-HPV16 L2 sera raised 
against trpE-L2 fusion proteins expressed in E. coli as primary antibody. Goat anti-mouse 
IgG HRP-linked (Amersham, Inc.) was used as secondary antibody and the filters were 
processed as described above. 

EXAMPLE 2 
Purification of VLPs 

Purification was done essentially as described in co-pending U.S. Provisional 
Patent Application 60/096,568, which is hereby incorporated by reference. 

Yeast cells transformed to express VLPs were harvested and frozen for storage at - 
70°C. Frozen yeast cell suspension was removed from storage and thawed for 
approximately 3 hours at room temperature followed by approximately 18 hours at 4°C. 
BENZONASE® (Nycomed Pharma A/S, Copenhagen, Denmark) (2.8 x 105 Units/mL 
and 0.21 mg protein/mL) was added to the cell suspension to a final concentration of 750 
Units per gram of wet cell weight, and in one experiment was reduced to 335 Units per 
gram wet cell weight. Cells were stirred for 15 minutes, then disrupted by two passes 
through a sanitized APV Gaulin 30CD homogenizer at chamber pressures of 14,500 to 
16.000 psi, resulting in 95% cell disruption. The remaining lysate was gently stirred for 
18 hours at4°C. 

Clarification by microfiltration. Cell lysate was clarified by cross-flow 
microfiltration in a diafiltration mode as follows. Lysate was transferred to a sterile process 
tank with a 1-inch diameter inlet and outlet ports. The microfilter was a 0.65 micron pore 
size hollow-fiber filter cartridge of 5 square feet surface area (A/G Technologies #CFP-6- 
D-8 A, Needham, MA) housed in an A/G Technologies FiexStand® Benchtop Pilot Hollow 
Fiber system. The retentate was diafiltered with 3 volumes of Diafiltration Buffer (below) 
to produce the clarified lysate. Diafiltration Buffer was 0.2M (Na+) MOPS, pH 7.0 -(- 
0.4M NaCl. 
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Chromatography of clarified lysate. The clarified lysate was fractionated by column 
chromatography using POROS® 50HS strong cation-exchange chromatography resin 
(PerSeptive Biosystems, Framingham, MA) packed in a chromatography column. The 
column was sanitized with 0.5 N NaOH prior to use. The column was equilibrated with 
HPV Diafiltration Buffer [0.2M (Na+)MOPS, pH 7.0 + 0.4M NaCl] at room temperature. 
The cold (4°C) clarified lysate was pumped onto the column at 125 mL/minute and the 
column was washed with 8 column volumes of room temperature HPV Column Buffer A 
[0.05M (Na+)MOPS, pH 7.0 + 0.5M NaCl)] at 125 mL/minute with a linear gradient of 
100% HPV Column Buffer A to 100% HPV Column Buffer B [0.05M (Na+)MOPS, pH 
7.0 + 1.5 M NaCl]. Total linear gradient was 10 column volumes and was collected in 10 
equal-volume fractions. Following the gradient, the column was washed with two column 
volumes of room temperature HPV Column Buffer B at 125 mL/minute which were 
collected in two additional fractions. Fractions were collected in sterile 2-liter plastic bottles 
and stored at 4°C. Fractions containing the last UV-absorbing peak (A280nm and A230 
nm) in the gradient were pooled, filtered using a MILLIPAK-200 disposable filter unit 
(Millipore, Bedford, MA) and stored at 4°C. 

Hvdroxyapatite Chromatography All steps were carried out at room temperature. 
A chromatography column (13 mm ID x 36 mm) packed with Ceramic Hydroxy apatite, 
Type II (BioRad Cat.#7320081, Hercules, CA), was pre-equilibrated in 50 mM MOPS, 
pH 7.0 + 1.25 M NaCl. The partially purified HPV solution from the previous step was 
applied to the column at a linear flow rate of 90 cm/hour. After sample application was 
complete, the column was washed with eight column volumes of pre-equilibration buffer 
until the optical density of the column effluent was nearly zero. The HPV product was 
eluted with a 0% to 100% linear gradient of elution buffer (0.2 M sodium phosphate, pH 
7.0 + i.25M NaCI), also at a linear flow rate of 90 cm/hour. The total volume of the 
gradient was four column volumes. Fractions containing the vaccine product were 
identified by RIA and Bradford protein assay. The protein concentration of the product 
was 100 /ig/mL. 

Assays : Bradford protein assays were performed using Coomassie Plus Assay 
Reagent (Pierce, Rockford, IL) using bovine serum albumin (BSA) as a standard. Lowry 
protein assays were performed according to the procedure of Lowry et al 1951 J. Biol. 
Chem. 193:265-270 using BSA as a calibration standard. Antigen was assayed by a 
multilayered ELIS A using a monoclonal antibody that recognized a conformational epitope 
of the VLP. Microtiter plates were coated with polyclonal goat anti-HPV VLP antibodies. 
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Standard and test samples were diluted with PBS containing 1% w/v BSA, 0.1% TWEEN- 
20, and 0.1% sodium azide and were added to the wells where antigen was captured by the 
plate-bound antibodies. Monoclonal anti-HPV LI VLP antibody (Chemicon, 
Temecula, CA) was added to the wells to bind the antigen captured by the plate-bound 
antibodies. The monoclonal anti-HPV VLP antibodies were detected by horseradish 
peroxidase-conjugated anti-mouse IgG antibodies. A chromogenic substrate for 
horseradish peroxidase, 3,3',5,5'-tetramethylbenzidine (Pierce) was added and absorbance 
at 450 nm was proportional to the concentration of LI VLP in the sample. 

EXAMPLES 

Generation of the beta-lactamase reporter and coupling to 
HPV16 VLPs to produce "pseudo virions" 

The beta-lactamase reporter gene was constructed as follows: 
5'-amine modified oligos were designed, synthesized (Midland Certified Reagents; 
Midland, TX) and used to amplify the section of the Aurora vector pcDNA3-BLAM 
(Zlokamik et al 1998 Science 279:84-88) containing the CMV promoter -i- BEAM + poly-A 
tail (Figure 1). Primers for both coupling orientations can be used (i.e., amine at 5' end of 
sense strand or amine at 5' end of antisense strand). The downstream primers were 5'- 
biotinylated in order to reduce degradation by DNA exonuclease in the final assay, and to 
provide the ability to detect DNA. For primer sequences see Table 1. 



Table 1. 



Primer Name 


Primer Sequence 


pcdna3.seq-182R5AM (A) 


5'-amino-TAGGGTT AGG-CGTTTTGC-3 ' 
(SEQ.ID.N0:6) 


pcdna3.seq-I82F.5bio (B) 


5'-biotin-TAGGGTTAGG-CGTTTTGC-3' 
(SEQ.ID.NO:7) 


pcdna3.seq-1266R.5AM ( C ) 


5'-amino-CCATAGAGCC CACCGC 
(SEQ.ID.NO:8) 


pcdna3.seq-1266R.5bio (D) 


5'-biotin-CCATAGAGCC CACCGC 
(SEQ.ID.N0:9) 
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Primers A and B were initially used to amplify a 1798 base pair (bp) 
sequence encoding the 591 bp human CMV promoter, the 809 bp beta-Iactamase and the 
135 bp bovine growth hormone poly A terminator sequences. PGR products were purified 
using gel filtration (spin-columns with a silica-gel membrane, QIAGEN,Inc.), quantitated 
by UV spectrometry at OD 260 nm, and conjugated to the NHS-ester of the 
heterobifunctional crosslinker SMCC (succinimidyl-maleimidomethyl-cyclohexane- 
carboxylate) (Pierce) according to the manufacturer's instructions for 1 hr at 20°C. 

The conjugated reporter gene was purified by gel filtration (Microspin 
G-25, Pharmacia), then reacted to free sulfhydryls on concentrated HPV16 VLPs ( 0.97 
mg/mL ), via the maleimide group (approx. 1 free sulfhydryl per LI monomer). 

The pseudovirions were then sterile filtered to be used in the 
neutralization assay. Initial experiments indicated that this low coupling ratio of reporter to 
VLP was beneficial (data not shown). The reaction took place at 4°C for 12 hours. 

EXAMPLE 4 
Infection of C:^3A cells with HPV pseudovirions 

2000 C33 A cells (ATCC #HTB 31) were cultured for 3 days at 37°C in 
complete DMEM (Dulbecco's Modified Eagle Medium (GIBCO BRL) containing Penicillin 
and Streptomycin (100 U/mL and 100 mcg/mL, respectively) and 10% fetal calf serum. 
Before infection, the serum containing medium was removed and 200 ng HPV 16 
pseudovirions in 50 mcL of opti-MEM (GIBCO BRL) were added. 24 hours after 
infection, the cells were fed with 100 mcL of complete DMEM medium. Two days after 
infection, beta-iactamase reporter gene expression was detected in infected CA33A cells 
using CCF2 (Aurora), a substrate for the beta-lactamase. (Zlokamik, supra). 

Briefly, cells were washed with opti-MEM medium before 50 mcL of 
loading buffer containing CCF2 was added to each well of a 96 well plate (FALCON, 
Becton-Dickinson). CCF2 final concentration was 5 microM. Plates were incubated for 
3h at room temperature. Conversion of CCF2 in cells expressing beta-lactamase was 
followed by monitoring the shift in fluorescence emission wavelength to blue at 460 nm 
using a fluorescent microscope (Olympus, Mod. 1X70). On average, 204 +/- 55 (n=12) 
blue cells could be detected two days after infection. 
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EXAMPLE 5 

Neutralization of H PV16 pseudovirion infection bv monoclonal antibodies and immune 
sera from HPV16 VLP immunized individuals 

2000 C33A cells/well (ATCC #HTB 31) were cultured in 96 well plates 
(FALCON, Becton-Dickinson) for 3 days at 37°C in complete DMEM (GIBCO BRL). 25 
mcl of 1 :40 dilutions of either (i) human pre-immune sera, (ii) inrmiune sera from 
individuals immunized with HPV16 VLPs, (iii) immune sera from individuals immunized 
with other HPV VLPs, or (iv) various dilutions of HPV VLP-specific monoclonal 
antibodies were added to the wells, followed by 25 mcl of medium containing 200 ng of 
pseudovirions. The plates were incubated at 37°C in a CO2 incubator (5% CO2) and then 
analyzed as described in Example 3. Percent neutralization was determined by calculating 
the percentage of reduction of blue cells in wells containing HPV 16 neutralizing 
monoclonal antibodies or human immune sera versus wells containing non-specific 
monoclonal antibodies or pre-immune sera. Figure 2 shows the percent neutralization of 
HPV 16 pseudovirions by serial dilutions of ascites containing the known HPV16 
neutralizing monoclonal antibody H16. V5. A 1:10,000 dilution of ascites containing the 
nonspecific monoclonal antibody H18J4 was not neutralizing. Using the described assay, 
a panel of 52 sera of individuals immunized with HPV16 VLPs was tested at a 1:80 final 
serum dilution. Most of the immune sera were neutralizing in this assay (Figure 3). In 
addition, a good correlation was seen between HPV 16 VLP-specific antibody titers 
determined by an HPV 16 RIA antibody test and % neutralization (Figure 3). 

EXAMPLE 6 

Polystyrene beads (1/4 inch with specular finish) were pre-coated with normal goat 
serum at a 1:1000 dilution in phosphate-buffered saline (PBS). Batches of 3000 beads, 
7.5 beads/ml, were incubated overnight at 4°C. Beads were then washed in 5 volumes of 
deionized water, blotted dry on paper towels and permitted to air dry on a stainless steel 
tray. HPV 16 LI VLP were coated onto the pre-coated beads using MOPS buffer (50 mM 
MOPS + 0.5 M NaCl, pH 7.0) containing 50 ng of VLP per ml (5 beads per ml). Antigen 
and buffer were mixed first in a Coming® media bottie then the beads were added. The 
bottle containing the coating antigen and beads was secured onto a Cole Palmer rotator, 
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coating was for 1 hour at room temperature at 5 rpm. Beads were washed in 5 volumes of 
MOPS buffer and sufficient buffer was added to keep beads submerged. They were then 
stored until needed at 4°C for a maximum of 4 months. 

The HPV16 LI VLP antibody RIA is a competitive antibody assay, where 
antibodies compete for limited number of epitopes with a limited amount of the 
conformationai specific monoclonal antibody H16.V5. Ascites containing H16.V5 were 
used at a 1:800,000 dilution in PBS + 1% bovine serum albumin + 0.05% Tween 20. 
Equal volumes (lOOmclL) of sample serum and diluted H16. V5 were mixed in a well of a 
20 well Abbott assay plate. Then a single HPV16 antigen-coated bead was added to the 
assay well. Samples were assayed in duplicates. 

Assay plates were sealed with adhesive sheets and left to incubate at room 
temperature 17 to 24 hours. Plates were washed with deionized water using an Abbott 
plate washer. The amount of mouse MAB that successfully bound to the HPV16 VLP- 
coated bead was detected with 125i [Goat anti-mouse IgG] (NENLife Sciences, Boston, 
MA). Plates were sealed with fresh adhesive sheet and incubated at 37°C for 2 to 2.5 
hours. Plates were again washed with deionized water. The beads were then transfeired to 
carrier tubes and read on a gamma counter. Relative inhibition of the H16.V5 binding was 
compared to a standard curve using a four parameter logistic curve fit. The standard curve 
was derived using an HPV16 immune serum with an arbitrarily assigned number of units 
(mMU/mL). 
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WHAT IS CLAIMED IS: 

1 . A human papillomavirus (HPV) pseudovirion comprising a virus-like 
particle (VLP) covalently linked to a reporter gene construct. 

2 . A pseudovirion according to Claim 1 wherein the HPV is selected from the 
group consisting of: HPV6a, HPV6b, HPVll, HPV16, HPV18, HPV31, HPV33, 
HPV35, HPV42, HPV43, HPV44, HPV45, HPV51, HPV52 and HPV56. 

3 . A pseudovirion according to Claim 1 wherein the VLP is comprised of LI 
or L1+L2 protein. 

4 . A pseudovirion according to Claim 3 wherein the reporter gene construct is 
selected from the group consisting of: beta-lactamase gene constructs, beta galactosidase 
gene constructs, luciferase gene constructs and green fluorescent protein gene constructs. 

5 . A pseudovirion comprising a HPV VLP, a heterobifunctional crosslinker 
and a reporter gene construct. 

6 . A pseudovirion according to Claim 5 wherein the molar ratio of the reporter 
gene construct to VLP is from about 0.1 to 50. 

7 . A pseudovirion according to Claim 5, wherein the molar ratio of the reporter 
gene construct to VLP is about 1 to 5. 

8 . A pseudovirion according to Claim 5 wherein the molar ratio of the reporter 
gene construct to VLP is about 1 to L 

9. An assay to determine if anti-HPV neutralizing antibodies are present in a 
sample, comprising the steps of: 

a) contacting pseudovirions, a cell culture susceptible of being infected by 
pseudovirions, and the sample; and 

b) determining if cell uptake of pseudovirions is inhibited, wherein inhibition of 
uptake is indicative of anti-HPV neutralizing antibodies in the sample. 
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1 0. An assay according to Claim 9 wherein the sample comprises serum from a 

human. 

11. An assay according to Claim 10 further comprising the step of comparing 
the results to those obtained using a control assay. 

12. An assay according to Claim 9 wherein the pseudovirions comprise a beta- 
lactamase gene construct. 
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